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Abstract
Objectives—A case-control study was 
carried out to explore associations 
between spina bifida and occupational 
exposure o f the mother.
Methods—The cases were children with 
spina bifida aperta born between 1980 and 
1992 from nine hospitals in the 
Netherlands. The controls were children  
born healthy in  the sam e period as the 
cases, from hospitals and from the gen­
eral population. Data collection was car­
ried out in  two steps. Firstly* postal 
questionnaires were sent to all the parents 
of cases and controls to gather inform a­
tion on occupations and potential con- 
founders. In the second phase o f  the 
study, inform ation on specific exposures 
was collected by means o f  job and task 
specific personal interviews. Interviews 
were performed with 55 case m others 
and 66 control mothers who had occupa­
tions with a potential for chem ical or 
physical exposure. Those exposures were 
assumed to be negligible for—for exam ­
ple, teachers and secretaries, so personal 
interviews were not indicated for these  
women. Information was collected on 
specific tasks in  the period just after 
conception, and on the associated use 
of chemical or physical agents, frequency  
of exposure, and use of protective equip­
ment.
Results—The analyses o f  occupation  
showed an increased risk for wom en  
working in agricultural occupations (OR 
~  3-4, C I il‘3-9'0), and, although less 
distinct, for cleaning wom en (OR = 1*7, 
CI:0’9-3*4). Only a few wom en seem ed to 
be occupationally exposed to chem ical or 
physical agents. No differences in  occur­
rence o f specific exposures could be 
detected between cases and controls. 
B esides, no differenc es were s een in 
pesticide or disinfectant exposure among 
case and control mothers in agricultural 
occupations.
Conclusions—Occupational exposures of 
the mother during pregnancy were infre­
quent and did not seem to play an im por­
tant part in the aetiology o f  spina biiida in 
this study. The association found between  
spina bifida and maternal agricultural 
occupations could not be explained by the 
use of pesticides by the m other or by any 
other occupational exposure.
{Occup Environ M ed  1996;53:80-86)
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Spina bifida is a congenital malformation that is 
caused by a failure in the process of neural 
tube closure. Although its aetiology is still 
largely unknown, both genetic and environ­
mental factors seem to play an equally impor­
tant part in the aetiology. One factor that 
seems to be associated with the prevalence of 
spina biiida is socioeconomic status of die 
parents.1"3 Since that fact was established, 
research into vitamin status during pregnancy, 
with emphasis on folic acid, has been 
expanded. It has been found that a deficiency 
of this B vitamin is one of the causes of neural 
tube defects; supplementation with folic acid 
seems to have a preventive effect.4 7 Another 
possible aetiological factor that is related to 
socioeconomic status, is maternal occupa­
tional exposure to chemicals or radiation during 
the first month of pregnancy,
Just a few studies have been performed to 
investigate the relation between maternal 
occupation and spina bifida.8 Some evidence 
was found for an increased risk among women 
working in industry, construction, transport 
and communication,010 dental surgeries,11 
nursing,12 hairdressing,13 and farming.1314 
Occupational titles were used as a surrogate 
measure for exposure in these studies. This 
measure is too general for accurate exposure 
assessment: the same job title reported by dif­
ferent subjects may correspond to huge varia­
tions in exposure, whereas different job titles 
reported by different subjects may have the 
same or similar exposures.15 Therefore, it is 
important to evaluate individual job and time 
specific exposures. As obtaining this kind of 
information is costly and time consuming 
studies investigating the influence of occupa­
tional exposure are scarce.
A Finnish study from Holmberg and 
Nurminen1*’ showed an increased risk of cen­
tral nervous system defects (including a large 
number of neural tube defects) for women 
working with organic solvents. The authors 
extended the data collection of this study and 
recently reported on the relation between birth 
defects and agricultural work.17 Unfortunately, 
the effect of pesticide exposure could not be 
studied as only one central nervous system 
case mother and one control mother had been 
moderately or heavily exposed to pesticides. In 
a study on parental occupation and anen- 
cephalic births in the United States18 the 
authors investigated in particular whether 
pesticide and solvent exposure were of
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D iagram  o f  population  in 
two study phases.
importance. However, the number of exposed 
case and control mothers in this study again 
was too small to find any exposure effect.
The present paper describes a multicentre 
case-control study including a relatively large 
number of spina bifida cases, in which the 
relation between occupational exposures of 
the mother and the risk of spina bifida in off­
spring is investigated. To get detailed exposure 
information about the time period around 
conception, job, and task specific personal 
interviews were performed.
Subjects and methods
Hospital records of six academic hospitals, one 
regional hospital, and two rehabilitation 
centres in the Netherlands were searched to 
identify the cases and part of the controls. 
This resulted in 470 live born children with 
spina bifida aperta, born between 1 January 
1980 and 31 December 1992, and 456 control 
children who were born healthy in the same 
period but who had experienced a cerebral 
trauma or meningitis during childhood. Most 
of the control group were 1894 children 
from the general population, born between 
1 January 1980 and 31 December 1992, who 
were recruited from birth registries of 45 
municipalities in the Netherlands. Stratified 
random sampling was performed to match the 
population based controls to the cases based 
on size of the municipality (in four categories) 
and geographical location.
Data collection was carried out in two steps 
(figure). In the first step, a postal question­
naire was sent to the total study population to 
collect information on occupation of the 
mother and on potentially confounding fac­
tors. From 80 mothers (21 cases and 59 con­
trols) current addresses could not be obtained. 
Three hundred and forty nine case mothers 
(78%) and 1604 control mothers (70%) 
returned the questionnaire. In the second step.
detailed information on occupational expo­
sures was collected from a subset of the moth­
ers by means of personal interviews at home. 
Respondents who indicated in the question­
naire that they were willing to participate in a 
personal interview (78% and 71%, respec­
tively) were eligible for this part of the study. 
All of the eligible case mothers were enrolled3 
together with a random sample of 27*5% of 
the control mothers. This resulted in a study 
population of 274 cases and 314 controls.
As detailed interviews would be redundant 
for mothers who did not have a job or who 
worked in jobs without hazardous exposure* 
only mothers who worked in occupations with 
a potential for exposure to chemicals or radia­
tion were actually interviewed (55 cases and 
66 controls). This group included health care 
workers, cleaners, hairdressers, workers in 
industry and transport, and agricultural work­
ers. The chemical exposure of the remaining 
women (housewives, household personnel, 
shop attendants, teachers, artistes, social 
workers, and clerical and managerial staff) was 
assumed to be negligible.
Because of an increased risk found for agri­
cultural women,iy additional interviews were 
performed at a later date, with two case moth­
ers and six control mothers working in agricul­
ture, Originally, these women were not 
available for study (cases) or were not 
included in the control sample. Their informa­
tion was only used for the agriculture specific 
descriptive analyses.
Ten different questionnaires were specifi­
cally designed for each of the following occu­
pations: nurses, laboratory assistants, dental 
assistants, pharmaceutical assistants, physio­
therapists, hairdressers, cleaners, printers, 
agricultural workers, and “occupations in 
industry or transport”. In each interview, 
traditional work history questions on job title, 
industry, company name, number of hours 
worked, and tasks performed, were asked first.
Postal ___ 
questionnaire
Personal
interview
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Table 1 Maternal occupation and risk of spina bifida aperta
Cases Controls Crude Adjusted
Occupation (n = 349) (n = 1604) OR OR* (95%CI)
Nurses 12 76 0*8 0-8 (0-4-1-5)
Nurse aids 16 68 11 1 *2 (0-7-2-1)
Other health care workers 12 70 0‘8 0-8 (0-4-1 *6)
Cleaners 13 32 1*9 1-7 (0'9-3*4)
Hairdressers 3 17 0-8 0-6 (0-2-2’8)
Industry and transport 15 56 1*3 1-4 (0-8-2-6)
Agricultural workers 10 10 4-8 3-4 (1-3-9-0)
Non-exp os ed mothers 268 1275
^Adjusted for a positive family history of neural tube defects of the father and use o f ovulation 
stimulating agents by logistic regression; restricted for maternal use of vitamin A3 anti epileptics, 
diabetes, diagnosis of homocysteinaemiaj and consanguinity.
Subsequently;, questions that were developed 
by the investigators on the basis of occupa­
tional hygiene information were used to 
inquire about every occupational task that had 
possibly been performed and on the associated 
use of chemicals and radiation, the frequency 
of the activity or exposure, the use of pro­
tective devices, and on exposure through the 
proximity of colleagues. For example, hair­
dressers were asked whether they applied hair 
sprays, what type of hair spray they used (with 
propellant gas or pump sprays), how often 
they applied hair dyes, and whether they had 
to prepare hair dyes themselves. Workers in 
the printing industry were asked, for example, 
what type of ink was used in the machines and 
whether they had to refill the ink supply and 
wash the ink rollers. At the end of each inter­
view, a checklist with 17 categories of expo­
sure was shown, to identify any agents that 
might have been missed. Detailed questions 
were asked again for the agents that were 
reported. The period of interest ranged from 
two weeks before conception until six weeks 
after conception, calculated from the duration 
of pregnancy that was reported in the ques­
tionnaire.
The exposures were classified into 23 cate­
gories (table 3). Some related exposures were 
grouped into larger categories (disinfecting 
agents, organic solvents, and hydrocarbons). 
The self reported interview information was 
used for coding of exposure into three different 
variables for each category: exposure yes or no, 
frequency of exposure, and kind of protective 
equipment used. Based on these variables, the 
level of exposure was assessed by the profes­
sional investigators with a four point scale (no
Table 2 Distribution of main background variables of 
cases and controls
Cases Controls
(n = 274) (n =  314)
n (% ) n (%)
Education:
Low 91 (33-7) 85 (27-2)
M oderate 127 (47-0) 158 (50-5)
High 52 (19-3) 70 (22-4)
Alcohol use (at least 1 glass/week) 141 (51-6) 174 (55-4)
Smoking (at least 1 cigarette/day) 110 (40-6) 130 (41*5)
Maternal family history of N T D 14(5-1) 4 (1-3)
Paternal family history of N T D 14 (5-1) 3 (1*0)
Primiparity 124 (45-4) 130 (41*4)
M aternal age at childbirth (mean) 28-3 28-4
Use of oral contraceptive 99 (36-5) 104 (33-1)
Use of ovulation stimulating agents 12 (4-4) 9 (2-9)
Feral loss (ever) 63 (23-5) 78 (25-6)
Family history of N T D  = neural tube defect in sibling or in 
family member in the first or second degree.
exposure, lightiy, moderately, heavily exposed).
Descriptive analyses were performed within 
each of the selected occupational categories 
with potential exposure to identify differences 
between cases and controls in the number of 
exposed women and the frequency and level of 
exposure. Also, all mothers with and without 
potential for occupational exposure were com­
bined to look at the possible effects of expo­
sure to a particular agent, irrespective of 
occupation. Crude odds ratios (ORs) and 
adjusted ORs with 95% confidence intervals 
(95% CIs) were calculated by means of logis­
tic regression for those agents to which at least 
10 women were exposed. In the final analyses, 
the variables for level of exposure were 
dichotomised into no exposure v  any level of 
exposure and used as the primary exposure 
variables.
Results
The first phase of the study was meant to iden­
tify occupations with increased risks of spina 
bifida (table 1). After adjustment for con- 
founders, an increased OR of 3-4 (95%Cl 
1* 3-9-0) was found for women in agricultural 
occupations. An increased risk of 1-7 was 
found for cleaning women. More details about 
this part of the study have been described 
elsewhere.19
In the second phase, detailed information 
was gathered on occupational exposures from 
55 case mothers and 66 control mothers who 
had an occupation with potential for chemical 
exposure. This group included 71 mothers 
working in health care, eight hairdressers, 15 
mothers working in industry or in transport, 
16 cleaners, and 11 mothers in agricultural 
occupations. Time between exposure and 
interview was not equally distributed between 
case and control mothers: 31*4% of the 
women reported exposures for the period 
10-14 years ago (27*3% of the cases and 
34*8% of the controls), 35-5% for the period 
six to 10 years ago (30-9% of the cases and 
39*4% of the controls), and 33*1% for one to 
five years ago (41*8% of the cases and 25*8% 
of the controls).
No substantial differences were found in the 
distribution of background variables between 
case mothers (n = 274) and control mothers 
(n = 314) in the total interview population in 
the second phase, except for a positive family 
history of neural tube defects for both mother 
and father (table 2).
Table 3 shows the number of exposed 
mothers within the different occupational 
groups, itemised for cases and controls, and 
die total number of case and control mothers 
with any level of exposure. It can be seen that, 
even within the occupational groups with a 
theoretically high potential for exposure, only 
a few women were exposed to hazardous 
agents such as antineoplastic drugs, ionising 
radiation, organic solvents, and pesticides. 
There was no frequent use of aggressive clean­
ing agents by die cleaning women and no dif­
ferences could be detected between cases and 
controls.
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Table 3 Number of women exposed to chemical and physical agents by occupational category} and for all occupations combined
Health care Hairdressers Industry * Cleaners Agriculture A ll combined
Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls
29 42 3 5 9 6 7 9 7 4 274 314
Antibiotics 11 12 11 12
Hormones 4 10 4 10
Antineoplastic drugs 4 6 4 6
Anaesthetics 2 2 2 2
All disinfecting agentsf 18 23 3 4 3 2 24 29
Sterilising agents^: 3 0 3 0
Disinfectants^ 14 15 0 1 3 0 17 16
Aggressive cleaning agents 10 11 4 4 0 2 14 17
All organic solvents§ 21 26 3 5 5 2 0 1 0 2 29 35
Alcohol 21 25 0 1 21 26
Other organic solvents^ 2 3 2 0 5 2 0 2 9 7
Hair sprays 3 4 3 4
Bleaching agents 3 4 3 4
Permanent wave agents 2 4 2 4
Hair dyes 2 4 2 4
Pigments 1 3 1 0 2 3
Mercury 2 11 2 11
All hydrocarbonstl 0 3 3 3 3 1 6 7
Fuels and exhaust fumes 0 2 1 0 2 1 3 3
Hydrocarbons** 0 1 3 3 1 1 4 5
Pesticides 2 2 2 2
Biological agents 3 6 0 1 3 7
Biological active dust 0 1 5 3 5 4
Dust 0 1 8 1 6 9 14 11
Ionising radiation 0 2 0 2
Non-ionising radiation 3 4 1 0 4 4
in c lu d in g  four women in the printing industry and two women in transport, 
f  Comprising sterilising agents, disinfecting agents, and aggressive cleaning agents. 
^Including formaldehyde.
§Comprising alcohol, other organic solvents, and hair sprays, 
in c lu d in g  mainly paint, glue, ink, xylene, ether.
||Comprising hydrocarbons, fuels, and exhaust fumes.
**Including mainly oil, turpentine, thinner, tar, and gasoline.
Table 4 Total number of agricultural women exposed to 
chemical agents*
Cases
9
Controls
10
All disinfecting agentsf 4 3
Disinfectants^ 4 1
Aggressive cleaning agents 0 3
Other organic solvents§ 0 2
All hydrocarbons^! 3 2
Hydrocarbons!! 1 2
Fuels and exhaust fumes 3 2
Pesticides 4 5
Biological agents 0 3
Biological active dust 6 6
*11 agricultural women from table 3 plus eight with whom 
additional interviews were performed.
j*Comprising sterilising agents, disinfectants, and aggressive 
cleaning agents.
^Including formaldehyde.
§Including mainly paint, glue, ink, xylene, ether.
^Comprising hydrocarbons, fuels, and exhaust fumes. 
Ulncluding mainly oil, turpentine, thinner, tar, and gasoline.
Table 5 Frequency of exposure*: number of hours a week exposed to chemical and 
physical agents, for cases and controls.
Cascrj- Cotitmlsf
n ^ 1  2-10 >10
h/week
n ^ 1 2-10 >10 
h/week
Antibiotics 11 5 5 1 12 6 6 ■ -
Hormones 4 1 2 -------- 10 6 4 --------
Antineoplastic drugs 4 3 6 6 -------- --------
Disinfectants^ 17 9 8 16 10 6 --------
Aggressive cleaning agents 14 8 3 1 17 8 9 --------
Alcohol 21 6 15 --------- 26 14 11 1
Other organic solvents§ 9 3 3 1 7 3 2 2
Hair sprays 3 -------- 3 -------- 4 -------- 4
Hydro carbons^ 4 1 2 1 5 2 1 2
Fuels and exhaust fumes 3 -------- 2 1 3 -------- 1 2
Pesticides 2 -------- 2 -------- 2 1 1
Biological agents 3 -------- 1 2 7 — 3 3
Dust 14 8 6 11 — 6 2
*Combined categories (table 3), categories for which no detailed exposure information was 
available (mercury) and categories to which less than 10 women were exposed were not included 
(except for exposure to hair sprays, hydrocarbons, and pesticides).
"Some information on frequency of exposure is missing.
^Including formaldehyde.
§Including mainly paint, glue, ink, xylene, ether.
^Including mainly oil, turpentine, thinner, tar, and gasoline.
As well as the 11 women in agricultural 
occupations* additional interviews were per­
formed with two case mothers and six control 
mothers (table 4). Four of the nine case moth­
ers had been working in crop and stock farm­
ing, two mothers in poultry farming, one in 
market gardening, one in mushroom cultiva­
tion, and two in other agricultural occupa­
tions. Of the controls, six mothers had been 
working in crop and stock farming, one in fruit 
cultivation, two in plant and flower growing, 
and one in another agricultural occupation. 
Pesticide exposure does not seem to differ 
between case mothers (4/9) and control moth­
ers (5/10). The number of women exposed to 
biologically active dust is also similar.
Table 5 shows the frequency distributions 
of exposure. The intensity of exposure (given 
in number of hours a week) was low for case 
mothers as well as for control mothers in all 
exposure categories. Disinfectants, cleaning 
agents, and alcohol are the most widely used 
agents in this population. However, most of 
the women used these agents for only 10 hours 
or less a week, and 50% of reported use was 
for a maximum of one hour only. When all 
categories were combined, as little as 11 % of 
the total number of chemicals and radiation 
used were handled more than 10 hours a 
week.
Table 6 shows the ORs and the 95% CIs 
that were calculated for the total group of 
potentially exposed and non-exposed occupa­
tions combined. The ORs were only calcu­
lated for chemical and physical agents to 
which at least 10 women were exposed. 
Controlling for potential confounders (use of 
vitamin A, antiepileptics, ovulation stimulat­
ing agents, oral contraceptives, alcohol, smok- 
ing, positive family history of neural tube
84 Blatter, Rocleveldj Zielhuis, Gabreëls> Verbeek
Table 6 Maternal occupational exposure * and risk of spina bifida aperta
Cases\
(n -  274)
Comrolsf 
(n -  314) OR (95%CI)
Antibiotics 11 12 M  (0-5-2’4)
Hormones 4 10 0*5 C0-1—1*4)
Antineoplastic drugs 4 6 0-8 (0-2-2-7)
All disinfecting agentsf 24 29 0-9 (0-5-1-9)
Disinfectants^ 17 16 1-2 (0-6-2-5)
Aggressive cleaning agents 14 17 0-9 (0-5-2-0)
All organic solvents§ 29 35 0-9 (0-6-1-6)
Alcohol 21 26 0-9 (0-5-1-7)
Other organic solvents!) 9 7 1-5 (0-6-4-0)
Mercury 2 11 0-2 (0-1—0-8)
All hydrocarbons|| 6 7 1-0 (0-3—3-0)
Biological agents 3 7 0-5 (0-1-1-9)
Dust 14 11 1 -5 (0-7—3*3)
*Only categories included to which at least 10 women were exposed.
--Comprising sterilising agents, disinfectants, and aggressive cleaning agents.
^Including formaldehyde.
§ Comprising alcohol, other organic solvents, and hair sprays,
•¡¡Including mainly paint, glue, ink, xylene, ether.
I!Comprising hydrocarbons (including mainly oil, turpentine, thinner, tar, gasoline), fuels, and 
exhaust fumes.
defects, consanguinity, diabetes, diagnosis of 
homocysteinaemia, parity, and fetal loss) did 
not change the results. Therefore, the crude 
ORs are presented. Although some slightly 
increased ORs were found for organic solvents 
and dust (OR = 1*5), 95% CIs were wide. 
Some decreased ORs were found, of which the 
OR for exposure to mercury was significantly 
lower than one.
Discussion
It seemed that few women in this study were 
occupationally exposed to chemicals or radia­
tion during early pregnancy. Furthermore, no 
differences were found between case and con­
trol mothers. Although a more than threefold 
increased risk in spina bifida was found for 
agricultural occupations, few mothers working 
in agriculture were exposed to pesticides or 
disinfectants. Nor could any differences in 
pesticide exposure be detected between case 
mothers and control mothers with agricultural 
occupations. Before interpreting these find­
ings, however, some methodological issues 
must be considered.
For reasons of validity and efficiency, data 
collection was carried out in two steps. Firstly, 
information on occupational titles was col­
lected from the total study population by 
means of postal questionnaires, in which also 
information on potentially confounding fac­
tors was gathered. This probably minimised 
misclassification on the confounders as ques­
tionnaire information on lifestyle factors may 
be less influenced by the tendency to give 
socially desirable answers than information 
gathered in a face to face situation. Further­
more, as the birth of the index child minus one 
year was used as a proxy for the period around 
conception in the postal questionnaires, more 
valid estimates of, for example, smoking and 
drinking habits are expected. Life style factors 
before conception probably better resemble
1 ife s ty 1 e hab its in the fir s t m onth o f 
pregnancy, in which most women do not know 
that they are pregnant.
In the second phase, information on expo­
sures was gathered from a sample of the 
potentially exposed mothers by means of per­
sonal interviews at home. Potentially exposed
was defined as working in health care, indus­
try, transport or agriculture, or working as a 
cleaner or hairdresser. Exposure of mothers 
working in non-exposed occupations such as 
clerical and managerial staff, teachers, artistes, 
and social workers, household personnel, shop 
attendants, and housewives was assumed to be 
negligible. Consequently, time consuming 
detailed exposure assessments were not per­
formed for these mothers. This reduced the 
number of interviews and increased the effi­
ciency of the study. Thus more attention 
could be paid to the quality of the remaining 
interviews and consequently to the validity of 
the exposure information. To achieve validity, 
occupation specific questionnaires were 
designed in which all the possible tasks per­
formed were considered. For every specific 
task, questions were asked about frequency 
and duration of the task, the use of chemical 
or physical agents related to this task, use of 
protective devices, and exposure through use 
of chemicals by colleagues. By asking about 
exposure indirectly, by means of questions 
about specific tasks, and by asking direct ques­
tions on chemicals in the context of the occu­
pation, recall is enhanced and validity of the 
study increased.15 As a consequence, informa­
tion bias seemed less likely, although it can 
never be ruled out in a study with self reported 
data. Shaw and Gold described several studies 
specifically testing for information bias on 
exposures during pregnancy but have been 
unable to show its presence.20 Differential 
recall between cases and controls might have 
occurred as time between exposure and inter­
view was unequally distributed in cases and 
controls. Forty two per cent of the cases 
reported exposures for the most recent period 
(one to five years ago) compared with 26% of 
the controls, thus recall might be slightly bet­
ter for cases. Whether inaccurate recall of 
earlier periods causes a bias by under or over­
reporting, cannot be inferred.
A disadvantage of this two step data collec­
tion is that non-response accumulates. The 
response rates for the postal questionnaires 
were 78% for case mothers and 70% for control 
mothers. In the postal questionnaire the moth­
ers were asked whether they were willing to 
participate in a personal interview later. 
Seventy eight per cent of the case mothers and 
71% of the control mothers answered posi­
tively to this question. Differences in non­
response between occupations could have 
resulted in selection bias. Also, the occupa­
tional distribution in the sampled control pop­
ulation may differ from the distribution in the 
total control population due to random sam­
pling error. Comparison of the total postal 
questionnaire population (cases = 349, con­
trols = 1604) with the interview study popu­
lation (cases = 274, controls = 314), yielded 
similar occupational distributions in general, 
with the exception of cleaners and agricultural 
occupations. As a result of both mechanisms, 
the proportion of cleaners decreased by 37% 
among the cases and increased by 45% among 
the controls. For the agricultural occupations, 
the proportion among the cases did not
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change whereas the proportion among the 
controls increased by 116%.
This might partly be caused by an over rep­
resentation of hospital based controls who 
seemed to contain a higher proportion of agri­
cultural workers (manuscript in preparation). 
As a consequence, an excess of agricultural 
controls and cleaners was found in the inter­
viewed study population, which may have 
resulted in underestimation of the ORs for 
substances that were frequently being used by 
farmers and cleaners. Therefore, the frequen­
cies of exposure have been considered within 
the specific occupational groups as well as in 
the combined population (table 3).
As a selection (only live bom cases) of spina 
bifida cases were studied, die low exposure 
levels in this study might be a result of the so 
called “inverse dose-response relationship”: a 
very high exposure could result in early fetal 
loss* whereas a lower one might result in a 
congenital malformation recognised at birth,21 
Furthermore, misclassification on the outcome 
variable may have occurred. As open neural 
tube defects probably differ from closed neural 
tube defects in pathogenesis and aetiology,22 
and these different forms cannot always be 
clinically distinguished* the case group may 
have been diluted with a few closed lesions. 
This may have led to a bias towards the null 
value.
Although the original size of the study was 
rather large, only a small proportion of women 
were exposed to chemicals during work and 
consequently* small numbers are involved in 
the analyses. Studies with small sample size or 
a low prevalence of exposure usually have a 
low statistical power, In this study, ORs were 
only calculated for chemical exposure cate­
gories that were reported at least 10 times 
among cases and controls. This constituted 
half of the categories. Power calculations for 
these categories yielded a power to detect an 
OR of 2 ranging from only 20% for antineo- 
plastic drugs to 82% for all disinfecting agents. 
For the other exposure categories* including 
pesticides, sterilising agents and ionising radia­
tion* the power was even lower and the data 
did not allow a proper study of these expo­
sures, Instead* we had to resort predominantly 
to descriptive analyses. The low prevalence of 
exposure suggests that in the Netherlands* 
working conditions with exposure to chemicals 
during pregnancy are not unfavourable for 
most women. Also, the kind of exposures and 
their dose and intensity may not be so haz­
ardous as to induce spina bifida in the fetus. 
As working conditions in other countries may 
be less favourable* the results from this study 
cannot be generalised to any given country.
In the scientific literature, some studies on 
neural tube defects and parental occupation 
have found a positive association between 
maternal agricultural occupations and spina 
bifida.m4 Studies on maternal occupational 
exposure* however* are scarce and inconclu­
sive and do not show any evidence of a rela­
tion between maternal pesticide exposure and 
spina bifida. White et al found that environ­
mental exposure to agricultural chemicals was
associated with an increased number of chil­
dren with spina bifida.23 However* exposure 
assessment was very crude. Brender and 
Suarez looked at occupational solvent and pes­
ticide exposure, but did not find any exposure 
effect for the mothers because of low numbers 
of exposed cases and controls.18 Moreover* 
information on exposures was inferred from 
information on birth certificates and was not 
gathered by means of personal interviews. 
Recently, Nurminen et al17 reported the results 
of a study on agricultural work and structural 
malformations. Three hundred and sixty five 
central nervous system defects were included, 
of which most were neural tube defects. The 
study was case-control by design and made 
use of interview data. A slightly increased risk 
was found when agricultural work was com­
pared with non-agricultural work. Also* the 
authors especially focused on use of pesticides, 
but a potential effect could not be studied 
because of small numbers.
In conclusion, our results from the first 
phase of the study* in which job titles were 
considered, yielded an increased risk for 
women working in agricultural occupations. 
Without further study* this risk would easily be 
ascribed to pesticide use. However* in depth 
analyses of tasks and chemical exposure did 
not confirm this hypothesis* nor could any 
other occupational explanation be found for 
the increased risk of women working in agri- 
culture. Remaining explanatory hypotheses 
besides chance are environmental pollution 
with pesticides on and around the farm, irre­
spective of a woman’s own activities* and 
exposure to other factors that might not be 
work related, such as genetic, behavioural* or 
nutritional factors. Specific research among 
larger numbers of women in agricultural 
occupations* including both occupational 
and environmental factors might resolve the 
discrepancy found.
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